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Biopsy specimens of rectal mucosa from 46 consecutive patients with dysentery, from whom shigellae were isolated, were examined. On examination it appeared that the specialized epithelial cells overlying lymphoid follicles were the first to be damaged, and subsequently a vascular lesion led to detachment of epithelial cells. The vascular lesion was widespread in the lamina propria mucosae. Extensive ulceration was associated with invasion of epithelial cells by the organism. There was marked depletion of mucus and an increase in mitotic activity in the crypts.
Abscesses of the crypts were rare. The only difference between patients from whom the Shiga bacillus was isolated and patients from whom other shigellae were isolated was a higher prevalence of epithelial cell detachment and luminal exudate. In patients who had been ill for >1 week, cell damage of the crypts was associated with cell-mediated cytolysis, a release of cytotoxic substances from eosinophils and mast cells, and relative vascular insufficiency, all of which may contribute to persistence of dysentery.
Dysentery is a disorder that results when enteric pathogens invade and damage the colon. The clinical presentation of dysentery includes frequent bloody mucoid stools, abdominal cramps, and rectal tenesmus. The Shigella organisms are currently considered to be the most frequent cause of this syndrome in patients from tropical developing countries. To our knowledge, there have been only two reports of the histopathologic changes [1, 2] and one report of the ultrastructural alterations [3] in the rectal and colonic mucosa of patients with shigellosis who live in tropical developing countries. On the other hand, data from several reports describe the pathologic changes in the rectal mucosa of patients from temperate countries who are broadly classified as having either acute infectious colitis or acute self-limited colitis [4] [5] [6] [7] [8] [9] . The main objective of these papers is to distinguish infectious colitis from acute nonspecific colitis, the latter of which is part of the inflammatory bowel disease complex.
In this paper we describe the histopathologic alterations in the rectal mucosa of patients with infection due to Shigella that is associated with diarrhea or dysentery. Paraffin-embedded biopsy specimens of rectal mucosa from 46 consecutive patients (mainly adults), from whom shigellae were isolated, were analyzed. Thirty-seven of these patients were symptomatic for <1 week, and nine had symptoms for longer periods. For 13 patients who were symptomatic for <1 week, Shigell dysenteriae type 1 (the Shiga bacillus) was isolated, and sinc these organisms cause more-severe infections, the histopath ologic changes in these patients are analyzed separately. Pre viously reported data [3] on the alterations in patients wit shigellosis will be summarized to highlight their contribution to the understanding of pathogenesis.
Tropical Colonopathy
To interpret the histopathologic changes in the rectal mucosa of patients with shigellosis who reside in tropical countries, it is necessary to be familiar with the changes that are associated with tropical colonopathy [10] 
Histopathology of the Rectal Mucosa of Patients with Shigellosis
In biopsy specimens of rectal mucosa from patients with shigellosis, abnormalities were found on the luminal surface, epithelial layer, crypts, lamina propria mucosae, and blood vessels (table 1) . A luminal exudate (consisting of desquamated colonocytes, polymorphonuclear leukocytes, and red blood cells enmeshed in fibrin) was found adherent to the surface epithelium, particularly in patients who were symptomatic for <1 week and from whom the Shiga bacillus was isolated. Beneath the exudate, extensive ulceration of the epithelial surface was often found. The exudate resembled a pseudomembrane in severe cases. In early cases localized small aphthoid ulcers were present, particularly in the epithelium overlying lymphoid follicles (figure 1). The colonocytes of the mucosa between these follicular ulcers were vacuolated and detached from the underlying basement membrane; also noted were subjacent marginal blood vessels that had an abnormal tion. An exudate that consisted predominantly of polymorphonuclear leukocytes was also noted streaming into the lumen ( figure 3 ).
In the epithelium of the crypts there was marked depletion of mucus and an increase in mitotic activity. This increased mitotic activity is presumably in response to the loss of surface colonocytes. Migration of less-mature cells to the surface was apparent. Many of the crypts were dilated. Elongation of the crypts or distortion of crypt architecture was present mainly in patients who had symptoms of shigellosis for >1 week (table 1) . Few infiltrating polymorphonuclear leukocytes could be seen in the epithelium of the crypt, but abscesses of crypts were uncommon. In biopsy specimens from patients who were symptomatic for >1 week, excessive production of mucus was often noted, especially during reparative stages.
An increase in the number of epithelial lymphocytes in the crypts was also a feature of patients with symptoms for >1 week.
Congestion and edema of the lamina propria mucosae as well as scattered hemorrhages (particularly deep pericryptal ones) were found in all biopsy specimens. The cellularity of the lamina propria mucosae was increased, as was the number of both polymorphonuclear leukocytes and plasma cells ( figure 4 ). An increase in the number of eosinophils was found in patients who had symptoms of shigellosis for >1 week. Marked swelling of endothelial cells was present in the majority of capillaries and venules of the lamina propria mucosae ( figure 5 ). This was associated with margination of polymorphonuclear leukocytes even in deeper vessels. In some areas adjacent to patches of hemorrhage, dehiscence of blood vessels was apparent.
For patients who had symptoms of shigellosis for <1 week, higher prevalences of epithelial cell detachment and luminal M'I ' , 11. ' Consistent with the increase in the number of eosinophils noted in the patients who were symptomatic for >1 week, evidence of degranulation of both eosinophils and mast cells was present on the electron micrographs. A marked increase in the plasma cell activity with cytolysis of plasma cells was also plasma cell activity with cytolysis of plasma cells was also present, especially in the deeper layers of the lamina propria mucosae [10] .
Finally, the vascular alteration in the lamina propria mucosae was found to progress from swelling and damage of endothelial cells (particularly to mitochondria) to neutrophil margination, platelet thrombi, intravascular coagulation, and vessel dehiscence that led to focal hemorrhages. These vascular changes resembled the changes of the localized Shwartzman reaction mediated by gram-negative bacterial endotoxin [12] .
Discussion
Histopathologic examination of the rectal mucosa is not primarily diagnostic of dysentery due to Shigella. Its value is mainly for understanding the pathogenesis of the disease. It may also help differentiate acute infectious (self-limited) colitis from acute nonspecific colitis, the latter of which is a part of the spectrum of nonspecific inflammatory bowel disease [8, 9] .
In the epithelium, the first cells that are affected by shigellae are likely to be the specialized epithelial cells (M cells) overlying the lymphoid follicles, where localized aphthous ulcers were present. The consistent finding of detached epithelial cells between follicular ulcers and early vascular lesions suggests that these cells may first be affected secondary to the vascular lesion. In animal models it has been suggested that a vascular lesion may be a final common pathway in the pathogenesis of diarrhea, and we have developed an animal model whereby induction of a vascular lesion, by the lipid A moiety of bacterial endotoxin, leads to acute diarrhea [13] .
The widespread prevalence of vascular lesions among patients with shigellosis emphasizes the importance of a further understanding of this mechanism. An additional mechanism of pathogenesis is due to the damage caused by bacteria that invade colonocytes either directly from the lumen or through the lateral cell walls by cell-to-cell spread, as shown with use of electron microscopy. Extensive damage to cellular organelles of colonocytes that were apparently not invaded by organisms suggests the possibility that the absorbed Shiga toxin may also play a role in causing the lesion.
Although patients who are infected with S. dysenteriae type 1 (the Shiga bacillus) are thought to have a more-severe form of dysentery, there were no consistent differences in the rectal mucosal pathology between these patients and patients from whom other shigellae were isolated in our study. However, for patients who had symptoms of shigellosis for >1 week, 
